INTRODUCTION
During recent years, there has been growing concern over the increasing nutrient status and eutrophication of freshwater lakes (Beklioglu, 1999) . Such changes lead to progressive decline in the amenity, recreational value and overall quality of freshwater lakes (Sondergaard et al., 2000; Mason, 2002) . Interaction among chemical, physical and biological properties of water and sediment regulate the trophic status of lake ecosystems (Sondergaard et al., 1999; Naselli-Flores, 2000) . Nutrient concentrations in lake waters coupled with temperature and light availability are the major determinant of trophic status of freshwater lakes (Wetzel, 2001) . The sediment-water interface is a site of mineral flux (Kalff, 2002) . Depending upon the nutrient-saturation of the sediment and oxygenation of the water column, bottom sediment can act as a source or sink of nutrients in lake waters (Bazzanti et al., 1998) and therefore regarded as the principal influencing factor for phytoplankton productivity (Istvanovics et al., 1992; Pierson and Weyhenmeyer, 1994) .
A number of approaches have been proposed and tested all over the world to combat eutrophication. Wide acceptance of the role of nutrients in water quality deterioration has brought about the control of external nutrients input as a measure to reduce eutrophication (Jeppesen et al., 1999) . This approach has been proved effective mostly for deep lakes. In shallow lakes, the effectiveness of this approach has not been proved pronounce, owing to the effects of internal nutrient release (Beklioglu, 1999) . Recent efforts have suggested sediment dredging as an effective tool reducing internal flushing of nutrients in shallow lakes (Sondergaard et al., 2001; Pandey and Verma, 2004) . Sediment dredging remove accumulated nutrients specially P along with the bottom sediment minimizing its internal flushing (Jeppesen et al., 1999; Sondergaard et al., 2001 ) and thereby reversing the trophic status towards oligotrophy. The present study is an effort to assess the impacts of sediment dredging on water chemistry and biology of two freshwater shallow lakes of southern Rajasthan. Another lake with least human interference and devoid of sediment removal is also considered for comparison. Lake Baghdara being situated about 20 km SE of Udaipur city in the midst of a dry tropical deciduous forest is subjected to least human interference. The lake is fed with rain water and receives nutrients through natural sources only. 
MATERIALS AND METHODS

Study area
Sampling and analysis
Samples were collected in triplicate from three sub-stations of each lake. The triplicates were then pooled together to make composite sample for each sub-station. Sediment samples were collected by using 2.5 cm diameter PVC tubes (5-10 cm long cores; 8 m reach). When the lakes were dry, sediment samples were collected directly from the bottom. Organic-C in lake sediment was estimated following Page et al. (1982) . Total-N in sediment was determined through Kjeldahl analysis and total-P as described by Jackson (1973) . During dry periods, bottom sediment was removed by local people using tractor trollies. The amount of sediment removal was measured using volume-density relationship (Miller and Donahue, 1992) . Volumes of cutting were determined by multiplying sectional area (area of central rectangular portion + area of two-side triangular portions) into the length of the cross section (Dutta, 2004) . For density measurement, different kinds of sediment as sandy, clayey etc were estimated separately. Mean values (n = 9) of the organic-C, Environ.
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276 (34) total-N and total-P were used for computing total organic-C, N and P removal along with the bottom sediment.
Dissolved oxygen in sub-surface water samples were measured following modified Winkler method (APHA, 1998) . For determining phosphate-P, Olsen method was followed (Mackereth, 1963) . Nitrate-N was determined by brucine-sulphanilic acid method. The detail of the procedure is described in Manivaskam (1996) . Chlorophyll a was measured following Brody and Brody (1961) . For primary productivity, light and dark bottle method was used (Wetzel and Likens, 2000) .
Statistical analysis
Effects of site (lakes), year and their interactions on nutrient concentration and trophic status of the lakes were tested using two-way analysis of variance (ANOVA). Means were separated by Duncan's multiple range test. Data were log transformed when necessary. Standard deviation and standard error were used to mark the variations form the mean.
RESULTS
Organic-C (Org-C), total-N (TN) and total-P (TP) varied with time for different lakes (Fig. 1) . Sediment TN and TP were highest in Udai Sagar and lowest in Baghdara. However, the latter was relatively rich in Org-C ( (Fig. 1) . In contrast, these variables showed increasing trend for lake Baghdara during this period. During dry periods, about 4,205.6 tons of bottom sedi- (Table 1) . Two-way analysis of variance indicated significant effects of site (lakes vis-a-vis sediment removal) and year (P <0.01) on org-C, TN and TP in bottom sediment ( Table 2) . Concentrations of NO3-N and PO4-P in water samples of Udai Sagar and Fateh Sagar showed almost similar trends as observed for sediment N and P over time (Fig. 2) . However, the annual trend for dissolved oxygen concentration in these lakes remained opposite. For Baghdara however, NO3-N and PO4-P in water increased slightly over time (Fig. 2) . Gross primary productivity (GPP) and chlorophyll a biomass declined overtime resembling closely with annual trends of N and P concentrations in lake waters (Fig. 3) . For Baghdara, both the productivity variables showed increasing trend overtime along with the rising concentrations of NO3-N and PO4-P in water (Fig. 3) . Analysis of variance (ANOVA) indicated statistically significant effects of site and year (P <0.01) on nutrient concentrations as well as on productivity variables (Table 2) .
DISCUSSION
Recent evidences have indicated that internal loading of nutrients especially P, is an important constraint in restoration of shallow lakes, (Sondergaard et al., 2001) . Most studies of recovery following external P-loading reduction have shown negative net retention of P for several years (Van der Molen and Boers, 1994) . The high and persistently negative retention reflects a high P pool in the sediment. Extensive studies conducted by Jeppesen et al. (1998) suggest that decades may pass before the actual equilibrium is reached. After the external loading reduction, P release from the pool accumulated in the bottom sediment has been shown to be positively related to chlorophyll a (Jeppesen et al., 1998) and phytoplankton biomass (Dodds, 2002) . Thus, the sediment dredging which helps reducing accumulated pool of P (Marsden, 1989; Sondergaard et al., 2001 ) could reduce P concentration in the water column and ultimately reverse the trophic status of the water body. During dry periods, Udai Sagar and Fateh Sagar experienced massive sediment removal by local people for different purposes. This could significantly reduce sediment pool of P and thereby internal P release for both the lakes.
Prior to sediment removal, N and P concentrations were sufficiently high to support enough Table 1 The amount of bottom sediment and nutrients removed from two lakes of Udaipur.
All values (mean+SD; n=9) except sediment (tons) are in kg.
Environ. Control Biol. Table 2 Significant effects of site and year on nutrient concentration and trophic status of three lakes.
Statistical analysis performed using two way ANOVA; * P < 0.05; ** P < 0.01; NS: not significant. primary productivity and chlorophyll a biomass in Udai Sagar and Fateh Sagar. After sediment removal, concentrations of nutrients specially P, declined sharply over time. This was also reflected through declining trends in primary productivity and chlorophyll a biomass, suggesting that sediment dredging could reverse the trophic status of fresh water shallow lakes towards oligotrophy. Baghdara lake provides valid comparison for assessing the impacts of sediment dredging. This lake, with least human interference and no sediment removal can serve as a reference site. Unlike Udai Sagar and Fateh Sagar, nutrient concentration showed an increasing trend overtime for Baghdara. Further, the exchange of P at sediment-water interface is influenced by the redox conditions, bacterial activity and sediment resuspension (Boers et al., 1998; Welch and Cooke, 1995) . As observed in the present study, removal of vast quantity of org-C along with the bottom sediment as in case of Udai Sagar and Fateh Sagar, could restrict bacterial activity at sediment-water interface reducing consumption of bottom oxygen when the lake refilled in July. Oxygen rich bottom can increase redox-sensitive P sorption to iron compounds (Christensen et al., 1997) . Thus, sediment dredging not only remove accumulated P but also help increasing bottom oxygen concentration which in turn, further increase sediment P retention in a positive feedback manner. This could Since the concentration of P in water, for which availability to demand ratio remain below unity, is one of the most important determinant of water quality regulating trophic status (Wetzel , 2001) , lowered P concentrations in sediment and water column followed by declined primary productivity and chlorophyll biomass overtime reflects the influence of bottom sediment removal . A comparison with Baghdara, a lake with least human interference and void of sediment removal , provide further evidence that massive sediment removal from Fateh Sagar and Udai Sagar could reduce internal P supply for producer organisms. This might reverse the trophic status of the water body overtime. The study suggests that the sediment dredging which helps lowering nutrients in water column and thereby reversing trophic status through reduced internal nutrient flushing , may be an effective tool for restoration of freshwater tropical shallow lakes. Environ. Control Biol.
